This paper presents the design and development of a novel UHF RFID tag which exhibits enhanced read range over the entire UHF RFID band of 860-930MHz. This novel UHF RFID tag consists of an antenna based on modified dihedral corner with an embedded double T-match and a Murata LXMS 31ACNA010 chip attached to the terminals of the antenna. Measured read range variations over the azimuth and elevation angular ranges show enhanced read range over wide angular ranges as compared to conventional RFID tags.
Introduction
Radio Frequency Identification (RFID) is an automatic identification method based on data storage and backscattering [1] . Various RFID systems use different frequency bands like Low Frequency (LF, 125 -134 kHz), High Frequency (HF, 13.56MHz), Ultra High Frequency (UHF, 860 -960MHz) and Microwave (MW, 2.45 & 5.8GHz). The long read range, high read rate and large information storage capacity of the UHF RFID systems have resulted in the widespread use of this systems in supply chain managements and other applications. A passive backscattering UHF RFID system generally consists of two basic components, a reader and a tag, in which the reader and the tag communicate with each other by using electromagnetic waves. The reader uses an antenna to transmit an electromagnetic wave to wake up the passive tag, which is mounted on the object being identified. The tag consisting of an antenna and a chip, responds by backscattering the electromagnetic wave which is modulated by the data stored in the chip. RFID tag antenna must be conjugately matched to the impedance of the chip for enabling maximum power transfer to the chip and thereby resulting maximum read range for the RFID tag. Several researchers published papers on the design of UHF RFID tags and their performance evaluation employing different methods like read range measurement, antenna impedance measurement, radar cross section (RCS) evaluation etc. [2] [3] [4] . Many of the basic designs of the UHF RFID tags were based on dipole and folded dipole structures [5] [6] . The main challenge in the modern UHF RFID tag design is to develop a miniaturized tag antenna with appreciably good read range characteristics. Dipole structures with meandered arms are effective in the development of miniaturized RFID tag antennas and are widely employed in various designs [7, 8] . T-matching technique is widely used in the design of RFID tags for achieving the impedance matching between the tag antenna and the chip [9] [10] . Manju et al. reported, an UHF RFID tag composed of modified multi-fractal cantor arms for enhanced read range. Good impedance batching between the chip and the tag was achieved by optimizing the iterated function system (IFS) coefficients of the multi-fractal cantor geometry and the dimensions of the embedded T-match [11] . Designing of an UHF RFID tag with broadband characteristics over the entire UHF RFID band (860-960MHz) is a requirement for the universal deployment of RFID tags. Recently various techniques for producing miniaturization and broadband characteristics were attempted by many researchers [12] [13] [14] . Jibish et al. designed a UHF RFID dipole tag antenna with tapered meandered arms for better broadband characteristics and miniaturization [15] . Split Ring Resonator (SRR) is topic of immense interest in electromagnetics and was investigated by many researchers for various applications in antenna designs. Aju et al. reported a compact UHF RFID tag for broadband operation. The miniaturization and broadband characteristics were achieved by loading square split ring resonator (SRR) symmetrically on both arms of the dipole with short circuited strip between the SRRs [16] .
Many researchers have studied the back scattering properties of perfectly conducting as well as loaded dihedral corner reflectors [17] [18] [19] [20] . A right angled corner reflector provides a large back scattering over a wide angular range in a plane normal of its wedge [21] [22] [23] [24] . The possibility of using dihedral corner in the design of UHF RFID tags with enhanced read range has not been seen in literature. An enhanced read range of the UHF RFID tag is a prime concern in applications like vehicle identification, toll collection, and sensor based RFID etc.
In this paper we propose a novel UHF RFID tag based on modified dihedral corner with embedded double T-match which exhibits enhanced read range and broadband characteristics over wide azimuth and elevation angular ranges.
UHF RFID tag Design and Testing
The simulation software CST Microwave studio suite is used for the design of the proposed UHF RFID tag based on modified dihedral corner. Configuration of the proposed UHF RFID tag based on modified dihedral corner is illustrated in Figure1. Figure 1(a) and 1(b) shows the front and back views of the proposed tag respectively. The proposed structure is developed using FR-4 substrate with metallic backing. The tag antenna consists of a 90° dihedral corner with the corner edge truncated. An embedded double T-match is incorporated on the truncated face with an RFID chip Murata LXMS 31ACNA010 with an impedance of 12-j107Ω at 866 MHz with threshold power of -8dBm connected between the terminals of the antenna. A good conjugate impedance matching between the input impedance of the modified dihedral corner antenna structure and the chip impedance is essential for maximizing the read range. Then the antenna structure is simulated and the parameters are optimized to achieve close conjugate matching with the chip impedance at 866 MHz. It can be seen from the figure that the resistance and reactance of the antenna 12.083 ohms and 140.34 ohms respectively at 866MHz, which results in a close conjugate matching with the chip impedance.
The efficiency of every RFID tag depends on its read range. The read range is the maximum distance at which the RFID tag can be detected. The read range ' r ' can be calculated using Friis free-space formula as Where 'λ' is the wavelength, 'P t ' is the power transmitted by the reader, 'G t ' is the gain of the transmitting antenna, 'G r ' is the gain of the receiving antenna, 'P th ' is the minimum threshold power necessary to provide enough power to the RFID tag chip, and 'τ' is the power transmission coefficient given by Where 'Z c = R c +jX c ' is the chip impedance and Z a = R a +jX a is the antenna impedance. The read range measurements of the proposed tag were taken with the help of an RFID Reader STA IR0507E with a reader sensitivity of -80 dBm and EIRP of 4W with circularly polarized waves Figure 3 : Setup for read range measurements. Fig.3 . shows the set-up for the read range measurement of RFID tags. RFID reader is at one side and the tag is fixed on the other stand, which can be moved to and fro. There is also an arrangement for placing the tag for different orientations in azimuth and elevation angular ranges. With the help of this arrangement the proposed tag fixed on the movable stand and the read range measurements were taken.
Results and Discussion
The photograph of the fabricated UHF RFID tag based on modified dihedral corner is shown in figure. 4. The measured variations in read range with frequency of the proposed UHF RFID tag based on modified dihedral corner over entire UHF RFID band (860 -930MHz) is illustrated in Fig.5 . It can be seen that a read range of 7.4meters is observed for European RFID band (866MHz). It is also observed that the proposed RFID tag exhibits a read range of 7.3meters at 915MHz (North American) and also 6.7meters at 920MHz (Chinese) it is evident that the proposed RFID tag exhibits enhanced read range over the entire UHF RFID band and is suitable for worldwide deployment in different RFID bands. From Table 1 , it can be seen that the proposed UHF RFID based on modified dihedral corner exhibits enhanced read range performance as compared to the other reported and commercially available tags. In the Table: 1, data for model 1 and model 2 are taken from the corresponding research papers and for the commercial tag (MINIWEB), the data is from the data sheet of the manufacturer [25] . Even though the physical size of the proposed tag is appreciably larger than the conventional tags, the enhanced read range over wide angular ranges with broadband characteristics is suitable for specialized applications like vehicle identification, sensor based RFID etc. The read range of the proposed tag could be enhanced further at least three times by using RFID chips with lower threshold values.
Conclusions
Design and development of a novel UHF RFID tag based on modified dihedral corner are presented. The proposed tag exhibits enhanced read range characteristics over the entire UHF RFID band which makes it suitable for worldwide deployment of them at different UHF RFID bands. The measured read range variations over the azimuth and elevation angular ranges exhibits wider coverage compared to commercially available tags.
